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Abstract
Because of clean renewable electric power technologies is the human’s future, a great number of parabolic trough 
power plants with different configurations are being considered for deployment in different locations in our world. It 
is necessary to study the operating performance of the concentrator solar power  plant located in typical sites of 
Algeria, in this work for reference of the feasibility study of this technology in Algeria, it is essential that the plant 
designs will be optimized for each specific location. This paper is divided in three big sections; the first one is the
implantation of parabolic trough solar power plants in different Algerian locations to see if this installation gives us
usable electricity. The second section is to determine the best combination of available solar technological 
components (collectors, receivers, heat transfer fluids) and finally to make an economic study and gives a solution to
minimize the levelized cost of electricity. The results shows that Algeria is one of the best world locations to produce
usable electricity from solar thermal energy also the results could be useful to make decisions to realize such projects
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CSP Concentrating Solar Power 
DZA Algerian Dinar 
HTF Heat transfer fluid 
LCOE Levelized cost of electricity 
O&M Operation and maintenance 
SAM System Advisor Model 
SEGS Solar Electric Generation Systems 
1. Introduction 
Energy has always been very important for human societies; human behavior is strongly induced by its 
availability, price and resources [1], fossil energy resources are so limited and unclean (global 
warming….) [2] this why the whole world must work to assure the production of energy. Nine Solar 
Electric Generation Systems (SEGS) built in southern California between 1984 and 1990 continue to 
produce 14-80 [MWe] of utility-scale electric power each from solar thermal energy input. The systems 
collect energy using one of synthetics heat transfer fluids pumped through absorber tubes in the focal line 
of parabolic trough collectors who’s calculated. The heated fluid provides the thermal resource to drive a 
Rankine steam power cycle [3]. 
In Algeria, we must realize the maximum possible SEGS for more than possible reason beside 
environmental aspect; Algeria is considered the best region close to  Europe to generate clean power to 
supply humankind with enough electricity on a sustainable basis like in the DESERTEC project [4] Fig.1. 
Here comes the importance of doing such researches, like the Algerian Solar One Hassi R’Mel Fig.2. 
 
Fig. 1. DESERTEC project  
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Fig. 2. Solar Field Of Hassi R’Mel Hybrid Power Plant. 
2. Solar Potential in Algeria 
The history of using solar energy in Algeria backs to 1954 with the solar furnace built by the French 
for ceramic fabrication purpose. Because of the geographic position, Algeria is considered one of the best 
places for solar energy usage. The insulation time over the quasi-totality of the national territory exceeds 
2000 h annually and may reach 3900 h (high plains and Sahara) [5]. The daily obtained energy on a 
horizontal surface of 1m2 is of 5 kWh over the major part of the national territory, or about 1700 
kWh/m2/year for the North and 2263 kWh/m2/year for the South of the country (Table 1 and Fig 3) [6] 
Table 1. Solar potential in Algeria. 
Areas Coastal area High plateau Sahara 
Surface (%)                                                     4 10 86 
Average duration of sunning (h/year)             2650 3000 3500 
Received average energy (kWh/m2/year)        1700 1900 2650 
The solar deposit exceeds the 5 billion GWh. 
 
In a large scale, the Hassi R’Mel hybrid power plant is the first gas-solar power plant in Algeria; it is 
located in the region Tilghemt, 25 km north of Hassi R'Mel largest gas field in Africa. it started in July 
2011, With a capacity of 150 mega-watts (MW),The power plant will combine an array of parabolic 
trough concentrating solar power of 30 MW, in an area of 180,000 m2 and in conjunction with a gas 
turbine power plant of 120 megawatts, the power plant is connected to the national electricity grid. It will 
have a positive impact on the environment and will reduce the amount of gas burned in favor of solar 
fields and also to reduce 33,000 tons of CO2 emissions. Also an amount of 7 million cubic meters of gas 
will be saved. [6] With a total cost of 350 million euros, the central Hassi R'Mel was conducted under a 
partnership agreement signed in 2006 between the Algerian society NEAL (New Energy Algeria) and the 
Spanish company Abengoa[7] .The start of this plant is an important step in the promotion and use of 
solar thermal energy as program of electrical energy. It also marks the effective start of implementation of 
the National Renewable Energy program adopted by the government in February 2011. This plant 
justifies further implementation in Hassi R'Mel like the division dedicated to training and research in the 
field of renewable energy particularly in solar energy .Other plants were already scheduled; two stations  
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Fig. 3. The Algerian solar map 
on the same principle are scheduled for 2013, in eastern Algeria, the solar power plant Maghaïr in the 
state of El-Oued and to the west the solar power plant Naama in the state of El-Bayad. [7] 
3. Methodology 
This work is based on [8-11]. But for Algerian locations we use new software to simulate that is simpler 
than the others and who gives us initial results to facilitate decision making. SAM (solar advisor model) 
The System Advisor Model (SAM) is a performance and financial model designed to facilitate decision 
making for people involved in the renewable energy industry [12]. SAM makes performance predictions 
and cost of energy estimates for grid-connected power projects based on installation and operating costs 
and system design parameters that you specify as inputs to the model , It is developed by NREL and it 
uses TRNSYS as a transient simulation code[12].  
This work methodology is divided in this way: 
•Collecting data: economical [13, 14] and meteorological data. 
•Simulation: using SAM with entering all collected data and try to use all avail-able information. 
•Discussing the results: to know and to decide the validity of the project. 
The simulation is divided into two major parts, the technical (4 & 5) and the economic (6) one. 
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4. Parametric simulation for different Algerian location 
In this part we will find the influence of the location choice on the production of electricity. We agree 
that the production is related to the major factor “solar radiation” (fig 3) but we need to test the efficiency 
of the simulation process before we proceed, and also to see if Algerians locations are really good for this 
type of electricity production. 
After using a same entrance for each location as shown in table 2, the results obtained are shown in 
table 3. We note that table 2 represents the resume of Hassi R’mel [14] solar power plant. 
Table 2. Entrance for the parametric simulation for different Algerian locations  
solar field aperture Collector Receivers HTF  Plant gross output  thermal storage 
188000 m² ET150 Schott PTR70 2008 VP1 30 MWe 0 h 
 
The comparison of the results obtained for the 20 locations shows a significant variation in the 
production of electricity (a difference up to 34.933 million kWh per year) and the total production of 
these sites is 981,246 millions kWh. 
In general southern Algerian locations are the most suitable for the realization of solar thermal power 
plants as the site of Djanet, which can provide up to 74.128 million kWh per year. 
Table 3. Results for the parametric simulation for different Algerian locations  
Locations Annual energy output million 
(kWh) 
Annual radiation million 
(kWh) 
Annual efficiency % 
Adrar 47.5572 355.348 13.38 
Alger 41.9548 282.422 14.85 
Annaba 54.5460 335.306 16.26 
Batna 42.4657 292.956 14.49 
Bechar 57.3699 487.214 11.77 
Bejaia 42.0321 272.531 15.42 
Biskra 50.3709 322.015 15.64 
Blida 41.3299 292.239 14.20 
Chlef 41.6213 290,988 14.30 
Constantine 41.7419 284,609 14.66 
Djanet 74.0128 510.741 14.49 
Djelfa 43.1493 311.618 13.84 
El Bayedh 46.2246 413.257 11.18 
El Golea 59.4971 397.870 14.95 
H.Messaoud 41.4930 304.464 13.62 
Hassi Rmel 53.6075 380.906 14.07 
In Amenas 56.1786 415.085 13.53 
Sétif 39.0193 275.921 14.14 
Tamanrasset 63.3387 523.341 12.10 
Tiaret 43.7364 375.128 11.65 
 
It’s possible to use the gas as a backup fuel or for hybridization; according to Algerian gas zone [14]  
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In general the results are expected to be like this so we can say that the simulation process is perfect and 
continue our work. The annual efficiency (the electricity produced divided by the annual solar radiation in 
the field) is acceptable for those installations (between 11% and 17%) comparing to the gas turbine power 
plant (between 30% and 40%). To see the importance of producing electricity from solar energy in 
Algeria the table.4 (fig.4) shows the simulation results of the comparison between the Kramer junction 
and Djanet locations. After simulation, the obtained results for a solar field aperture of 188000 m² are 
shown in table 5. 
Table 4. Comparison between the Kramer junction and Djanet location’s.  
 
Locations Annual energy output millions (kWh) 
Djanet 74.0128 
Kramer Junction 69.2755 
 
 
Fig.4 Comparison between Djanet and Kramer junction locations. 
The comparison of a solar thermal power plant table installed in Djanet with another similar located at 
Kramer Junction shows a difference of electricity production up to 4.7372 million kWh. 
5. Realization of Parabolic trough power plant 
In this section we chose 6 different locations (Algiers, Annaba, Constantine, Hassi R'Mel, Djanet, 
Tamanrasset) based on DESERTEC and CDER [6] data to find the right combination (HTF, collector 
[15], receiver, power block) for each location. 
5.1. HTF,collector,receiver 
The simulation procedure is to use two stable components and find the best variable component for 
each location based on SAM and [15] data. It’s a very long procedure, we simulate for each location and 
each component for 6 locations, so we proceed directly to the results in table 5. 
The electricity output is influenced by the choice of each component; these results might be useful as a 
reference for related works in Algeria, now we are going to find the best power block and start our 
economic study. 
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Table 5. The solar components combination obtained by simulating. 
Locations HTF collector receiver 
Alger Dtherm RP LS-3 Solel UVAC 3 
Annaba Dtherm RP LS-3 Solel UVAC 3 
Constantine Dtherm RP LS-3 Solel UVAC 3 
Djanet Caloria LS-2 Solel UVAC 3 
Hassi R’Mel Dtherm RP LS-3 Solel UVAC 3 
Tamanrasset Caloria LS-3 Solel UVAC 3 
   
5.2. Optimization of the power block 
In this part we try to find the optimum power block gross output for a solar field aperture of 188000m², 
we start with a power block gross output of 30 MWe the results of optimization are shown in table 6. 
Table 6. the optimization of the power block results.  
locations The  optimum value (MWe) Annual efficiency % 
Alger 40 15.36 
Annaba 40 17.07 
Constantine 40 15.63 
Djanet 50 18.58 
Hassi R’Mel 40.125 14.51 
Tamanrasset 49.5 15.20 
The solar field produces an energy that can operate power cycles of a design gross output greater than 30 
MWe. The performance of the plant is increased, or the annual efficiency reaches 18.58%  
The Algerian northern locations can use a power block gross output of 40 MWe , and the Algerian’s 
southern locations can use a power block gross output of 50 MWe. 
6. Economic study of CSP plant under Algerian climate 
The economic considerations of utilizing the solar energy for electric generation are the most important 
aspect in selecting the proper technology to be used in any project and location. In fact, the cost of power 
from CSP plants is more expensive than power from conventional fossil fuel power plants, which will 
prohibit the development of large commercial-scale CSP plants in Algeria If appropriate location is 
chosen, solar thermal power plants will be economically viable options for the production of electricity, 
Power plants are compared on the basis of their Levelized Cost Of Electricity (LCOE), (Eq. 
(1)[16]),which takes into account installation and commissioning costs, operations and maintenance, 
degradation and lifetime, and the output. It calculates the average value of the total energy produced, 
revalued at the time of calculation based on forward assessments of inflation and costs of financing. The 
plant life should be assumed (30 years). The following equation is the simple definition of the LCOE: 
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6.1. Application of Algerian economic data for the plant 
In this part we are going to enter the economic Algerian data to the results obtained in table 6. For the 
Tamanrasset and Djanet locations we use a 6 hours TES because those sites have the biggest solar 
radiation in Algeria. For northern location we attribute a 100$ /m² to the solar fields apertures, and for the 
eastern locations we attribute 0 $ /m². 
We assume that the bank will not enter in this project. The project’s financing is obtained directly by the 
owner. Table 8 and 9 resume all economical entrance, in this case our economic data for an analysis 
period of 30 years are in table 7. 
Table 7.  Algerian Economical data   
data rate 
Inflation rate 3.5 % 
Real discount rate 5.5 % 
Federal taxes 25.0 % 
Sales taxes 7.0 % 
Salvage value 0 % 
EPC and owner costs 14 % 
 
The salvage value is considered 0 % to have a real LCOE after simulation of the end of analysis period 
and to express that the project has no useful life period so every components must be renewed. 
The prices of every component with a 7 % contingency are in table 8. 
Table 8. Cost of Each Component.  
components costs 
Site improvements 100 $/m2 
Solar field 295.00  $/m2 
HTF system 90  $/m2 
Storage 160 $/kWht 
Fossil backup 0 $/kWe 
Power plant 1800 $/kWe 
BOP 0 $/kWe 
O&M fixed by capacity 70.00 $/kW-yr 
O&M variable by generation 3 $/MWh 
 
After simulation the results are shown in table 9. (Please note that cent mean the U.S dollar cents) 
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Table 9. Economical Results.  
Locations Totaled installed cost 
Million $ 
LCOE 
Cent/kWh 
Alger 187.638 22.72 
Annaba 187.638 17.51 
Constantine 187.638 22.91 
Djanet 262.165 12.95 
Hassi R’Mel 163.364 16.10 
Tamanrasset 262.165 15.75 
 
LCOE (about 15 cent/kWh) is large compared to the LCOE in Algeria; the SONELGAZ cost is 4 
cent/kWh (the Algerian company of electricity’s production and distribution).  We see here that the cost 
of energy from renewables energies technologies is so high comparing of the cost energy from fossil 
resources. The northern locations (Constantine, Algiers, and Annaba) have the maximum LCOE because 
of the price per square meter of the solar fields. Sites of southern Algeria have the best location for solar 
thermal power plants. 
6.2. Solution to minimize the LCOE 
It exist a lot of solution to minimize the LCOE [17], we are going to consider a 0% tax in this simulation; 
the results are shown in table 10. 
Table 10. Solution To minimize the LCOE (0% tax)  
Locations Totaled installed cost 
Million $ 
LCOE 
Cent/kWh 
Alger 165.217 09.33 
Annaba 165.217 07.24 
Constantine 165.217 09.41 
Djanet 231.068 04.87 
Hassi R’Mel 143.844 07.00 
Tamanrasset 230.840 05.81 
x We have gotten a reasonable LCOE (between 5 and 10 cent/kWh) 
x The LCOE has fallen with a difference of 58 %. 
x The renewables energies technologies must be treated differently (no taxes) to minimize the LCOE. 
 
Conclusion 
This study shows that it is possible to harness the sun in Algeria to product electricity on a large scale.  
x The annual electrical energy produced for a solar thermal power plant of 30 MWe turbine gross output 
and an area of 188,000 m² is between 40 and 75 million kWh which is equivalent to the annual 
consumption of 12,000 homes in Algeria. 
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x  Each plant minimizes the release of carbon dioxide up to 41,400 tons per year (0.46 kg CO2/kWh 
[18]). 
x The efficiency of the solar thermal power plants is between 13% and 19%. 
In the other hand: 
x Solar energy is intermittent.  
x The cost the parabolic trough solar thermal power plant  of 30 MWe turbine gross output and an area 
of 188,000 m² can reach 270 million dollars (19.6 billion DZA), which affects the LCOE (between 5 
and 10 cent/kWh). 
 
The costs of production and the electricity output are strongly linked to the location where the plant 
shall be installed due to the price of space that the plant occupies also; the price is affected by the applied 
taxes. Our study shows a reduction that can reach 58% of the initial LCOE with 0% tax. 
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